Paraoxonase 1 (PON1) attenuates macrophage oxidative status: studies in PON1 transfected cells and in PON1 transgenic mice.
High density lipoprotein (HDL)-associated paraoxonase 1 (PON1), hydrolyzes oxidized lipids in oxidized low density lipoprotein (LDL) and thus protects against atherosclerosis development. Increased susceptibility to atherosclerosis observed in PON1 knockout (PON1(0)) mice was associated with increased LDL lipid peroxidation as well as increased macrophage oxidative stress. Thus, the aim of the present study is to characterize the direct effect of PON1 on oxidative status processes in macrophages. We used in vitro and in vivo models of PON1 expression in macrophages, as PON1 is not synthesized by these cells. Peritoneal macrophages (MPM) harvested from PON1(0) mice were transfected with human (hPON1). These cells exhibited reduced total peroxide levels by 47% and decreased capacity to release superoxide anions by 69%, associated with a small but significant increment of the reduced form of glutathione (GSH), a major cellular anti-oxidant, compared to control cells. MPM were also harvested from PON1 transgenic (PON1Tg) mice. Unexpectedly, these cells expressed hPON1 (mRNA and activity). Compared to MPM derived from control C57BL/6J mice, PON1Tg mouse MPM exhibited 35% decreased cellular total peroxide levels, decreased capacity to produce superoxide anions and 47% decreased capacity to oxidize LDL. PON1Tg mouse MPM were also characterized by 51% increased levels of GSH, compared to control MPM. Similarly, MPM harvested from PON1Tg on the genetic background of the atherosclerotic apolipoprotein E knockout (PON1Tg/E(0)) mice also exhibited decreased oxidative stress, compared to E(0) mouse MPM. Aortas obtained from these mice were characterized by decreased lipid peroxide levels, decreased capacity to oxidize LDL, and also increased GSH levels, compared to aortas obtained from E(0) mice. The decreased macrophage and aortic oxidative stress in PON1Tg/E(0) mice was associated with 2.7-fold decreased atherosclerotic lesion size in comparison to E(0) mice. PON1 directly reduced macrophage and aortic oxidative status, which was associated with decreased superoxide anion production and increased glutathione content. These phenomena could be responsible for the observed attenuated atherosclerosis development in PON1Tg mice in comparison to control mice.